Background. A test for hepatitis C virus (HCV) RNA is essential to identify persons with active, or current, HCV infection. We assessed trends in HCV RNA testing following a positive HCV antibody result among persons in 4 large healthcare organizations.
An estimated 3.6 million persons in the United States have been infected with hepatitis C virus (HCV), of whom approximately 2.7 million are chronically infected [1] . In 1998, the Centers for Disease Control and Prevention (CDC) issued guidelines that focused on testing persons with identified risk factors for HCV infection [2] . In 2003, guidelines for laboratory reporting of HCV antibody test results were published, and recommendations for one-time HCV antibody testing of all persons born during 1945-1965, regardless of other risk factors, were published in 2012 [3, 4] .
Positive test results for HCV antibody (eg, enzyme immunoassay, chemiluminescent immunoassay, and HCV recombinant immunoassay) do not distinguish past, resolved infection from "active" (or current) infection. In the absence of symptomatic acute hepatitis or evidence of recent seroconversion from a known HCV exposure, identification of HCV RNA in the serum typically represents chronic infection [5] . Identification of HCV RNA in the serum is also necessary to determine the magnitude of viremia and HCV genotype. With the impending approval of more options for curative pharmacotherapy for most patients [6] and evidence that many persons with a positive antibody test were not subsequently tested for active infection [7, 8] , testing guidelines published in 2013 emphasized the identification of active HCV infection [5] . In a previous study, we found that 12.7% of persons from 4 healthcare organizations in the United States received either an HCV antibody or HCV RNA test and, of those tested, 5.5% had a positive test result [9] . To determine baseline trends in testing for active HCV infection before the updated 2013 guidelines, we examined the frequency of and factors associated with the performance of an HCV RNA test subsequent to a positive antibody test among persons in these same 4 large integrated healthcare organizations from 2003 through 2010.
METHODS
We included in the analysis adults aged ≥18 years from 4 healthcare organizations (Geisinger Health System, Danville, Pennsylvania; Henry Ford Health System, Detroit, Michigan; Kaiser Permanente Northwest, Portland, Oregon; Kaiser Permanente, Honolulu, Hawaii) of the HMO Research Network with at least 2 clinical services (ie, hospital admission or outpatient provider, laboratory, or emergency department visit), 1 of which was during 1 January 2006 through 31 December 2010. Data were collected via electronic health records and chart abstraction. For each person, the follow-up period originated from the date of the first (which could have preceded 2006) until the last encounter in their respective healthcare organization. To allow persons in the latter years of the study period sufficient follow-up time for the performance of an HCV RNA test, we excluded positive antibody test results after 31 December 2010, but data on the performance of a follow-up HCV RNA were collected through 2011. We excluded persons with documented chronic hepatitis B virus infection (ie, the Chronic Hepatitis Cohort Study [CHeCS] Hepatitis B cohort [10] ), those with a first encounter or HCV antibody test performed before 1 January 2003, those with no observation time (ie, had only a single service encounter during their entire follow-up), and persons who had HCV RNA test results but were missing antibody results. We chose 2003 as the earliest cohort year in the study period because HCV RNA testing was not US Food and Drug Administration (FDA)-approved until 2001.
We determined the proportion of persons with a positive HCV antibody test result who had a subsequent quantitative or qualitative HCV RNA test, regardless of the time interval be- Although arbitrary, we used 6 months because it was an interval that balanced sufficient time for HCV RNA testing to occur and a limited, finite period of follow-up to apply equally among each of the cohort years during the study. The adjusted model included the following covariates: age, sex, race, median household income, site, year of first positive HCV antibody test, and duration of follow-up. Adjusted odds ratios (ORs) were obtained along with 95% confidence intervals (CIs). A P value <.05 was considered statistical significant. SAS version 9.3 (SAS Institute, Cary, North Carolina) was used for all statistical analyses.
The investigation followed the guidelines of the US Department of Health and Human Services regarding protection of human subjects. The study protocol was approved and renewed annually by each participating institution's institutional review board. 
RESULTS

DISCUSSION
Testing for HCV RNA after a positive test for HCV antibody is necessary to determine the presence of current HCV infection and is imperative for making clinical decisions involving treatment, to counsel those infected to minimize additional hepatic injury (eg, restricting alcohol intake), and to prevent HCV transmission. In our study from 4 integrated healthcare organizations, we found that approximately 60% of persons with an initial positive antibody test result subsequently had a followup HCV RNA test during 2003-2010, and that the proportion of persons tested for HCV RNA following a positive antibody test did not vary appreciably by year for the duration of the study. However, the proportion of persons with a follow-up HCV RNA test performed within 6 months of a positive antibody test improved significantly.
All persons whose HCV infection status is unknown and who test positive for HCV antibody should promptly undergo HCV RNA testing. The low frequency of follow-up with HCV RNA testing in our cohort might be explained by patient, provider, laboratory, and guideline-related factors. Patients, for whatever reason, might not return to have an RNA test performed despite it being ordered. Some providers might be unaware of the need Figure 1 . Schematic representation of persons excluded to achieve study population. Abbreviations: anti-HCV, antibody to hepatitis C virus; HBV, hepatitis B virus; HCV, hepatitis C virus.
to order an HCV RNA to determine HCV infection status, and even if alerted to the necessity, still may not pursue additional testing [11] . Assays for HCV RNA require that serum or plasma samples be collected, processed, and stored in a manner to reduce the likelihood of a false-negative result. Such samples can be used only if blood was collected in tubes with no additives or by using ethylenediaminetetraacetic acid (EDTA), if serum or EDTA plasma was separated from cellular components within 2-6 hours after collection, if storage of serum or EDTA plasma at 2°C-5°C was limited to 72 hours (for longer storage, at -20°C or -70°C), and, if shipping was required, frozen samples were protected from thawing [3] . If a specimen obtained for HCV serologic testing is not handled properly, then the patient must be recalled to obtain a new specimen. Previous HCV testing guidelines, written when the specificity of serologic tests and sensitivity of HCV RNA tests were poorer than assays available today, emphasized the detection and confirmation of the presence of HCV antibody [3] . In the past, options for HCV antiviral therapy were limited and, when utilized, were difficult to tolerate and frequently ineffective; thus, some patients and providers may have harbored negative attitudes about the prospects for successful treatment, opting against confirmation of chronic infection, or simply assuming a positive antibody test was already reflective of chronic infection. Another possibility is that some patients had the antibody test ordered because it was required for purposes other than for consideration of treatment (eg, application for life insurance). A recent study from the New York City Department of Health and Mental Hygiene examined the "gap" in testing for HCV RNA and found that two-thirds of persons, which included persons screened in detox facilities and jails, had an HCV RNA ordered subsequent to a positive antibody test [11] . Their results, which were more favorable than ours, might have been a consequence of active follow-up with providers of persons with positive antibody tests. A Veterans Affairs (VA) study found that 76% of 13 257 antibody-positive patients received HCV RNA testing, although patients aged >65 years and illicit drug users were significantly less likely to receive HCV RNA testing [12] . Another group of investigators using surveillance data for HCV infection from 8 US sites estimated that only 50% of persons newly reported with HCV infection had an HCV RNA test performed [7] .
In our multivariate analysis of factors associated with having an HCV RNA test within 6 months of a positive antibody test result, we found that the aOR for having an HCV RNA test within 6 months increased incrementally for persons of each higher income strata (by census tract geocode), compared with persons with an annual income <$30 000. Whether this finding was related to type of provider or insurance coverage we could not determine, and income data were missing for approximately one-sixth of persons. More difficult to explain was the finding that persons born during 1945-1965 were less likely to have a follow-up HCV RNA test within 6 months compared with younger and older age cohorts, and men were less likely to have an HCV RNA follow-up within 6 months compared with women, despite controlling for age, sex, race, household income, year of first positive HCV antibody test, duration of follow-up, and study site. However, we found with further analysis (results not shown) that men and persons born during 1945-1965 constituted a higher fraction of persons who tested HCV antibody positive during the early years of the study period, when the median time interval between antibody testing and HCV RNA was longer. Since 2012, the CDC has recommended that all persons born during 1945-1965 receive a one-time HCV antibody test; persons with a positive antibody test result should have an HCV RNA test performed to determine HCV infection status [4] .
One manner of ensuring an expedient determination of HCV infection status is to perform reflex HCV RNA testing on a routine basis (ie, done automatically if the initial antibody test is positive). Such a process requires that a portion of the initial specimen be retained and obviates the need to separately order HCV RNA testing and require an additional patient visit to obtain a new specimen. Research from the VA system determined that reflex testing was cost-effective, and the practice was initiated in the VA system in 2009 [13] . Many commercial laboratories now offer reflex testing [14] , but such testing must be ordered up front by the provider, and HCV antibody and RNA tests may still be ordered distinctly. Thus, it is incumbent on providers to pursue testing in a manner that ensures determination of HCV infection status and that positive antibody test results are immediately followed with an HCV RNA test. In this respect, hospital laboratory directors could also help to ensure that RNA tests are ordered by reviewing laboratory procedures and messages to clinicians that accompany positive HCV antibody results.
We informally investigated among the 4 healthcare organizations involved in this study the impediments to the introduction of reflex HCV RNA testing. Primary among them was that the quantitative HCV RNA assays commonly used by their in-house laboratories are FDA-approved only for use in monitoring RNA levels during antiviral therapy, rather than for diagnostic use [15, 16] . Accordingly, in-house laboratories either need to locally validate the RNA assay for diagnostic use (a long process per accreditation standards) or send all reflex testing out to a reference laboratory that has performed the required validation process. We expect that this obstacle is typical in the United States. In response, the National Laboratory Training Network and HIV, Hepatitis, STD and TB Programs, Association of Public Health Laboratories, in collaboration with the Division of Viral Hepatitis, sponsored a 2-day seminar on 15-16 May 2014. A major portion of this meeting focused on the procedures necessary for clinical validation of quantitative assays, which were initially approved by FDA exclusively for monitoring antiviral therapy, for diagnostic purposes.
Our analysis was subject to a number of limitations. Although inclusion criteria necessitated that persons have at least 2 clinical encounters during the study period, we did not stipulate a necessary time interval between the 2. Thus, it is conceivable that some patients with a short interval between the 2 visits may not have had sufficient opportunity to have an HCV RNA test performed. As mentioned, the median number of days of observation after the first positive antibody test to last follow-up encounter was significantly higher for persons who had an HCV RNA test performed than for those who did not; however, even among persons who did not have an HCV RNA test, the median follow-up was approximately 20 months. Another potential limitation was that some testing could have been performed on patients in a setting other than the 4 healthcare organizations involved in the study, for which the records were not available to our abstractors, or that testing conducted within the 4 organizations was not recorded in the electronic health record. Finally, as our study was dependent on the presence of recorded HCV RNA test results, we cannot exclude the possibility that tests may have been ordered but not performed.
In summary, in our study population we found that only 60% of persons with an initial positive test for HCV antibody had a follow-up HCV RNA test performed to determine HCV infection status, but the fraction of persons who had a follow-up HCV RNA performed within 6 months improved significantly over time. With curative pharmacotherapy potentially available now for most persons, application of reflex testing to HCV RNA following a positive HCV antibody test is critical to the prompt determination of HCV infection status. As efforts to expand the use of reflex testing are planned, in part through the clinical validation of quantitative assays, a reassessment of HCV RNA testing trends in the future will be useful to determine the degree to which reflex testing has been implemented.
Notes
